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What are the characteristics of professional development that affect teaching practice? This study adds to the knowledge base on effective professional development. The success of standardsbased reform depends on teachers' ability to foster both basic knowledge and advanced thinking and problem solving among their students (LoucksHorsley, Hewson, Love, & Stiles, 1998; National Commission on Teaching & America's Future, 1996), and such effective practices require teachers to have a deep understanding of the content they teach (Ma, 1999). Professional development is considered an essential mechanism for deepening teachers' content knowledge and developing their teaching practices. As a result, professional development could be a cornerstone of systemic reform efforts designed to increase teachers' capacity to teach to high standards (Smith & O'Day, 1991) .
The research reported here focuses on the effects of professional development on changing classroom teaching practice.1 Using a purposefully selected sample of teachers in 30 schools, in 10 districts, in five states, we examine features of teachers' professional development and their effects on changing teaching practice in mathematics and science from 1996-1999.
Background: Professional Development and Teacher Change
Over the past decade, a large body of literature has emerged on in-service professional development, teacher learning, and teacher change.2 The research literature contains a mix of large-and small-scale studies, including intensive case studies of classroom teaching (e.g., Cohen, 1990 ), evaluations of programs designed to improve teaching and learning (e.g., U.S. Department of Education 1999a), and surveys of teachers about their preservice preparation and in-service professional development experiences (e.g., Carey & Frechtling, 1997 ). In addition, there is a considerable amount of literature describing "best practices" in professional development, drawing on expert experiences (e.g., Loucks-Horsley et al., 1998).
A professional consensus is emerging about particular characteristics of "high quality" professional development. These characteristics include a focus on content and how students learn content; in-depth, active learning opportunities; links to high standards, opportunities for teachers to engage in leadership roles; extended duration; and the collective participation of groups of teachers from the same school, grade, or department. Although lists of characteristics such as these commonly appear in the literature on effective professional development, there is little direct evidence on the extent to which these characteristics are related to better teaching and increased student achievement. Some studies conducted over the past decade suggest that professional development experiences that share all or most of these characteristics can have a substantial, positive influence on teachers' classroom practice and student achievement ( A few recent studies have begun to examine the relative importance of specific characteristics of professional development. Several studies have found that the intensity and duration of professional development is related to the degree of teacher change (Shields, Marsh, & Adelman, 1998; Weiss, Montgomery, Ridgway, & Bond 1998). In addition, there is some indication that compared to professional development focused on general pedagogy or management strategies, professional development that focuses on specific mathematics and science content and the ways students learn such content is especially helpful, particularly for instruction designed to improve students' conceptual understanding (Cohen & 82 Hill, 2002; Fennema et al., 1996; Kennedy, 1998; Ma, 1999; Stigler & Hiebert, 1999) .
Given the size of investment in professional development and the dependence of education reform on providing effective professional development, the knowledge base on what works must be strengthened. The longitudinal results reported here provide a replication of cross-sectional results on a nationally representative sample. Together, the earlier study and the one reported here clarify the extent to which findings from qualitative case study work generalize across teachers and districts.
Context for Our Longitudinal Study of Teachers: A National Evaluation of Professional Development
Despite the amount of literature on in-service professional development, relatively little systematic research has explicitly compared the effects of different forms of professional development on teaching and learning. Furthermore, most studies of professional development have not examined its effects in a quantitative and replicable manner. To address this research gap, we designed a series of studies that enabled us to examine the relationships between alternative features of professional development and change in teaching practice in a cross-sectional, national probability sample of teachers and a smaller, longitudinal sample of teachers.
All of the studies were done in the context of an evaluation of the Eisenhower Professional Development Program-Title II of the Elementary and Secondary Education Act (ESEA)-which at the time of this study was the federal government's largest investment that was solely focused on developing the knowledge and skills of classroom teachers. 34 We did not design the evaluation to directly examine the effects of the Eisenhower program, since the program is a funding stream, and the practices supported by the program vary. Instead, we attempted to determine more or less effective practices within the context of the program and its practices, and then, on a representative sample of districts and teachers, determine the distribution of effective and ineffective practices. We then could see whether program funding was going more toward effective or ineffective practices, and make recommendations about guidelines that could move funded work in a positive direction.
Results from Our National Study
The results from our national, cross-sectional sample are described more fully in Garet et al. (1999) and Garet et al. (2001) . We briefly summarize them here to serve as context to present the results of our longitudinal study.
Our national sample included 93% of all districts in the country, since at the time we drew the national probability sample of Eisenhower districts in 1997, approximately 93% of districts received funding from the Eisenhower program.5 The results for the national, cross-sectional studies are based on mail surveys of a national probability sample of 1,027 teachers.
We drew on research and best practice to identify the key features of professional development to use in our study. We concluded that six key features of professional development could be hypothesized as effective in improving teaching practice. Three are "structural features," or characteristics of the structure of a professional development activity. These structural features include the form or organization of the activity-that is, whether the activity is organized as a reform type, such as a study group, teacher network, mentoring relationship, committee or task force, internship, individual research project, or teacher research center, in contrast to a traditional workshop, course, or conference; the duration of the activity, including the total number of contact hours that participants spend in the activity, as well as the span of time over which the activity takes place; and the degree to which the activity emphasizes the collective participation of groups of teachers from the same school, department, or grade level, as opposed to the participation of individual teachers from many schools.
The remaining three features are core features, or characteristics of the substance of the activity: the extent to which the activity offers opportunities for active learning-that is, opportunities for teachers to become actively engaged in the meaningful analysis of teaching and learning, for example, by reviewing student work or obtaining feedback on their teaching; the degree to which the activity promotes coherence in teachers' professional development, by incorporating experiences that are consistent with teachers' goals, aligned with state standards and assessments, and encourage continuing professional communication among teachers; and the degree to which the activity has a content focus-that is, the degree to which the activity is focused on improving and deepening teachers' content knowledge in mathematics and science.
With our national teacher data, we found that these six key features of professional development were related to increases in teachers' self-reported knowledge and skills and changes in teaching practice. The core features worked through the structural features. That is, activities that were reform type were more likely to have collective participation and longer duration; and activities with collective participation and longer duration were more likely to have active learning opportunities, coherence and a content focus, which in turn were related to how successful the experience was in increasing teacher-reported growth in knowledge and skills and changes in teaching practice (see Garet et al., 2001 ).6
Our national data on prevalence indicated that most district-supported professional development activities do not have the six high-quality characteristics: an average of only 23% of teachers participating in Eisenhower-assisted professional development were in reform types of professional development; the average time span of a professional development activity was less than a week; the average number of contact hours was 25 and the median was 15 hours; most activities did not have collective participation or a major emphasis on content; and most activities had limited coherence and a small number of active learning opportunities (see Garet et al., 2001 for more details).
Building on National, Cross-Sectional
Findings with Longitudinal Data: The Purpose and Design of the Longitudinal Study of Teacher Change Our longitudinal study of teacher change was designed to build on the findings from our national, cross-sectional data. For five of the six features and all of the teaching practice variables, we used the exact same measures in order to cross-validate with longitudinal data our national findings on the relationship between professional development and teacher outcomes. The sixth feature, content focus, was measured more precisely in our longitudinal sample (pages 86-7).
The longitudinal data enable us to document teaching practice in mathematics and science before and after a professional development activity and to examine the extent to which changes in teaching practice are predicted by participation in that activity. Combining our national results with these longitudinal data enables us to provide complimentary sources of information to inform questions about professional development policy and implementation.
For our longitudinal study, we surveyed teachers at three points in time: the fall of 1997, the spring of 1998, and the spring of 1999. The three waves of the longitudinal survey provide data pertaining to the 1996-97, 1997-98, and 1998-99 school years. Although our study does not measure the effects of professional development on student achievement directly, the measures of teaching practice that we use have been associated with gains in student achievement (see section on measures). In any event, the effects of professional development on gains in student achievement must surely be mediated by changes in teacher classroom practices.
Sample of Schools
We expected systematic differences in results by school level, so we chose one elementary school, one middle school, and one high school in each of the 10 districts. Furthermore, by design, the sample of 30 schools is disproportionately high poverty-57% of the sample schools (17 schools), are high poverty; nationwide, 25% of schools are high poverty (defined as 50% or more students eligible for free lunch).7 We selected states, districts, and schools in the sample that had adopted diverse approaches to professional development in addition to traditional workshops and conferences. If such professional development is more effective than traditional approaches, then the teachers' instruction in the sample schools might be better than that of the average teacher.8
In sum, we selected the longitudinal sample to maximize the opportunity to investigate important differences in approaches to professional development. The sample is not meant to be taken as nationally representative, but neither is it extremely unusual. It allows a focused, exploratory examination over several years of the characteristics of professional development that foster change in teachers' instructional practices.
Sample of Teachers
We surveyed all the teachers who taught mathematics and science in each of the 30 schools in the sample. In elementary schools, we randomly administered mathematics surveys to half the teachers and science surveys to the other half. Four hundred and thirty (430) teachers responded to the 1996-97 survey; 429 teachers responded to the 1997-98 survey; and 452 teachers responded to the 1998-99 survey.9 The response rate for the first wave was 75%; for the second wave, it was 74%; and for the final wave in 1998, 75%.10 1' Given our analysis strategy of looking for change over time in the same teachers, the sample for the analysis is restricted to teachers who returned all three waves of the survey, who participated in professional development in 1997-98, and who continued to teach the same course over all three waves of the survey. The last restriction is necessary because changes in the course taught might introduce changes in teaching practice apart from the effects of professional development experiences. Finally, the sample is restricted to teachers who provided complete data on all of the necessary items. The number of teachers meeting these conditions was 207.
The sample is 74% female and 18% minority. Ninety-three percent of the sample are certified teachers. Twelve percent of mathematics teachers and 18% of science teachers in the sample are novice teachers, or teachers who have taught the surveyed subject for three or fewer years.12 (In our national sample, 84% of teachers were female, and 100% were certified.) The longitudinal sample is also fairly representative of the general teaching population in 1998. Nationally in 1998, 73% of teachers were female, 14% were minorities and 10% had less then three years of teaching experience (Snyder, Hoffman, & Geddes, 1999) .
The data in this report are unique in that they provide consistent information on teaching practice and professional development over a threeyear period for a sample of teachers of mathematics and science. These data enabled us to analyze relationships between teachers' professional development experiences and classroom practice, while controlling for prior differences in their classroom practice.
Measures: Professional Development, Its Quality, and Teaching Practice
Identifying and describing a professional development activity is complex. Teachers experience many different types of professional development throughout their careers, both preservice and in-service. Furthermore, the nature of these professional development experiences can be described on many dimensions.
Choosing a Professional Development
Activity to Describe In waves two and three of the survey (pertaining to the 1997-98 and 1998-99 school years), we asked teachers to describe the professional development activities in which they had participated during the prior 12 month period. For example, in the third wave, we asked teachers who received the mathematics form of the survey to "report all mathematics-related professional development you participated in over the previous year, including the summer of 1998 and the 1998-99 school year." We described in the survey the activities that might be considered professional development, including mentoring, teacher networks, resource centers, research institutes, in addition to the traditional workshops, conference and college courses. We then asked respondents to choose one of the activities to describe in the following manner:
If one of the organized professional development experiences you participated in was particularly helpful to the class you reported [on earlier], please pick that activity. If not, pick any organized professional development activity. You may choose an activity that began before the summer of 1998, if you continued to participate in that activity during the summer of 1998 or the 1998-99 school year. In answering questions about the activity you have chosen, please include all components of the activity, even if they occurred at different times during the year. (For example, if you attended a summer institute with follow-up activities during the school year, include both the summer institute and the follow-up activities in your answers.)13
The focus on a single activity was motivated by the desire to make respondent burden tolerable. We did not, however, ask teachers to choose an activity that was helpful for fostering change in the areas of instruction that we used in our analyses as a dependent variable. In addition, there was substantial variation in the extent of influence that the activities had.14 Measuring Features of Quality We use the six key features from our national study to describe the quality of professional development-reform versus traditional, duration (time span and contact hours), collective participation, active learning, coherence, and content focus (Garet et al., 2001) . Although there are other potentially important features of professional development that we did not investigate, we wanted to use the same measures as in our national studies (which were derived from the literature) to cross-validate our findings. We now describe how we measured and scaled each of the six dimensions of professional development."5
Reform vs. Traditional
On the longitudinal teacher survey, we asked teachers to describe the type of activity on which they were reporting, using eight categories. We classified three types of activities as traditional in form: (a) within-district workshops or conferences, (b) courses for college credit, and (c) out-ofdistrict workshops or conferences. We classified the remaining five types of activities as reform activities: (d) teacher study groups, (e) teacher collaboratives, networks, or committees, (f) mentoring, (g) internships, and (h) resource centers.'6 The variable was measured as a dichotomy, coded 1 if the activity was reform type, and 0 otherwise. For the 1998-99 data, 18.7% of the activities the teachers reported on were reform type.
Contact Hours
We asked teachers the total number of contact hours that they spent in the professional development activity, including all components of the activity that were held during the one-year target period. The measure indicates the number of contact hours the teachers spent in the activity on which the teacher reported. In 1998-99, the mean was 18.2 hours with a standard deviation of 21.7 hours.
Time Span
We asked about the span of the activity, or the period of time in days, weeks, months, or years over which the activity was spread. The options were (a) less than a day, (b) one day, (c) two to four days, (d) a week, (e) a month, (f) two to five months, (g) six to nine months, (h) 10 to 12 months, and (i) more than a year. The composite for time span was coded on a 9-point scale, where 1 = less than a day and 9 = more than a year. The Year 3 mean was 3.81 with a 2.3 standard deviation.
Collective Participation
We asked each teacher in our longitudinal sample to indicate whether the activity in which the teacher participated was designed for all teachers in a school or set of schools or all teachers in the teacher's department or grade level.17 We combined responses to these two questions to create an index of the extent to which the activity provided opportunities for collective participation. We coded the scale as 0= not collective, 1 = somewhat collective, and 2 = collective. The mean in 1998-99 was .33 with a .5 standard deviation.
Active Learning
To measure active learning, our survey included four items to measure opportunities for observing and being observed teaching; five items that measured planning for classroom implementation; four questions that focused on reviewing student work; and five items that asked questions about presenting, leading, and writing.18 Since simply summing the 18 types of active learning opportunities would give more weight to planning and presentingwriting than to observing and reviewing student work, we weighted each of the four items pertaining to observation and the four items pertaining to student work by 1.25. This produced an index from 0 (no opportunities were provided for active learning) to 20 (all types of active learning were provided). In 1998-99, the mean was 3.43 with a 3.3 standard deviation.
Coherence
We measured three dimensions of coherence. First, we asked each teacher to report the extent to which the activity the teacher attended was consistent with the teacher' s goals for professional development, was based explicitly on what the teacher had learned in earlier professional development experiences, and was followed up with activities that built on what the teacher learned in the professional development activity. Second, we asked each teacher to indicate the extent to which the activity was aligned with state or district standards and curriculum frameworks and with state and district assessments. Third, we asked teachers whether they had discussed what they learned with other teachers in their school or department who did not attend the activity; whether they had discussed or shared what they learned with administrators (e.g., the principal or the department chair); and whether they had communicated, outside of formal meetings held as part of the activity, with participants in the activity who teach in other schools.19 Because there are three items for the first and third of these dimensions, and only two items for the second dimension, we weighted the items for the second dimension by 1.5. This produced a scale from 0 (the activity did not include any of the types of coherence that we measured) to 9 (the activity provided all of the forms of coherence that we measured). In 1998-99, the mean was 5.33 with a 1.9 standard deviation.
Content Focus
Content focus is measured in the longitudinal study with questions about the content of particular teaching practices. We examined several specific teaching practices that were the focus of teachers' professional development to determine whether they could be linked to specific changes in teaching practice.
In the first and third years of the longitudinal survey, we asked teachers to report their use of specific teaching practices in their classrooms. In the second year of the survey, we asked exactly parallel questions about whether teachers' professional development activity focused on these specific practices. From this set of questions, we identified three areas of teaching practice and professional development for which we analyzed effects-technology use, instructional methods, and student assessments. We chose these because certain practices in each of the three areas are considered to be desirable by researchers and school reformers and because we had exactly parallel measures of both professional development and teaching practice in these three areas. We now describe our measures for each of the areas of teaching practice. The appendix provides data indicating the percent of teachers in our sample who participated in professional development that focused on each of these practices, and the mean extent to which teachers used these practices in their classroom (4-point scale from 0 to 3). To measure the extent to which professional development activities focused on such uses of technology, we asked teachers whether the professional development activity in which they participated focused on improving their capacity to use (a) calculators or computers to develop models or simulations; (b) calculators or computers for data collection and analysis; (c) computers to write reports; and (d) computers to access the Internet. Teachers responded yes or no. In Years 1 and 3, we asked teachers how often they used these practices as part of their mathematics or science instruction. The response scale was 0 = almost never, 1 = some lessons, 2 = most lessons, and 3 = every lesson.
Use of technology

Use of higher order instructional methods
Research has shown that students learn best when instruction includes opportunities for them to engage in active and inquiry-based learning (e.g., Raizen, 1998). Such "higher order" instructional methods allow students to engage with material in a more in-depth way for longer periods of time, and to exhibit understanding, communicate about subject matter in nontraditional ways (e.g., writing about mathematics), explore alternative methods of problem-solving and integrate work from different disciplines to approximate more real-world applications (Newman & Associates, 1996; NCTM, 1998; NRC, 1996).
To measure the extent to which professional development activities emphasized the use of higher order instructional methods, we asked teachers whether the professional development activity in which they participated focused on developing their capacity to use any of the following teaching practices: (a) work on independent, long-term (at least one week) projects; (b) work on problems for which there is no immediately obvious method or solution; (c) develop technical or mathematical writing skills; (d) work on interdisciplinary lessons (e.g., writing journals in class); and (e) debate ideas or otherwise explain their reasoning. Teachers responded yes or no to these questions. In Years 1 and 3, we asked teachers how often they used these methods as part of their mathematicsscience instruction. The response scale was 0 = almost never, 1 = some lessons, 2 = most lessons, and 3 = every lesson.
Use of alternative assessment practices
Much recent literature has advocated the use of different forms of assessment. The usual multiple choice paper-and-pencil tests are viewed as perhaps adequate for assessing basic skills, but not for application, problem solving and communication skills. Alternative assessments such as essay tests, portfolio assessments, and projectbased assessments are more appropriate for measuring students' ability to apply their knowledge (e.g., Koretz, Stecher, Klein, & McCaffrey, 1994; Mitchell, 1996) .
To measure the extent to which professional development emphasized alternative student assessment methods, we asked teachers whether the professional development activity focused on developing their capacity to use any of the following six forms of student assessments in their classroom teaching: (a) essay tests; (b) performance tasks or events; (c) systematic observation of students; (d) math-science reports; (e) math-science projects; and (f) portfolios. Teachers responded yes or no to these questions. In Years 1 and 3, we asked teachers how important these assessment practices were in determining students' grades in the mathematics-science course on which they were reporting. The response scale was 0 = not used, 1 = minor importance, 2 = moderate importance, and 3 = very important.
Other Variables
In addition to these data about each of the teaching practices, we also collected data about the teacher and the quality of the professional development activity the teacher attended in Year 2. In particular, we collected data on each teacher's subject area and school grade level, and we collected data on six features of the professional development activity the teacher attended in Year 2: the activity type (reform versus traditional), time span, contact hours, collective participation, active learning, and coherence.
Methodology
We conducted analyses on the basis of data from all three waves of the Longitudinal Teacher Survey. We sought to explain teaching practice in Year 3, on the basis of teachers' professional development experiences in Year 2, controlling for teachers' classroom teaching practices in Year 1.
A strength of this design is that our baseline, independent variable and dependent variable data each came from a separate survey, thus eliminating any within-instrument and time colinearity in our data that might otherwise have contributed to spuriously high correlations. A weakness of the design is that while there are two years of professional development activities between our baseline and post measures of teaching practice, we examine only one year, to avoid collecting independent and dependent variable data in the same questionnaire and to ensure that the professional development described preceded in time the instruction described. Again, our investigation of the relationship between professional development and changes in instructional practices takes a conservative approach.
With the exception of content focus, we used measures that had been used and validated with our national data, and we used the exact same set of questions over the three years of the study.
With our data we conducted three parallel sets of analyses, each focusing on a different area of teaching practice. First, we examined the effects of professional development on teaching practices involving the use of technology; then, we examined instructional methods; and finally, we examined assessment practices. To clarify the approach we used, we describe the data, measures, and statistical model in detail in the next section.
Creating Measures: Mean Focus and Relative Focus of Professional Development
We used the data to address three main issues about the effects of professional development on teaching practice. First, we used the data to examine whether teachers who participated in professional development that focused on a particular teaching practice (e.g., the use of calculators or computers to develop models) increased their classroom use of that practice over the period from 1996-97 to 1998-99 more than did similar teachers who did not report participating in pro-88 fessional development that focused on the strategy. Since only one professional development activity was described in each data collection, a respondent may have actually participated in other professional development (not described) that did focus on the strategy. Second, we used the data to examine whether teachers who participated in professional development that focused on several related practices (e.g., the use of calculators or computers to develop models and to collect and analyze data), increased their use of calculators and computers to develop models more than teachers who focused only on that strategy during their professional development. Finally, we used the data to examine whether the benefits of participating in professional development that focused on a particular teaching practice were strengthened if a teacher's professional development had features of high quality (i.e., reform type, appropriate time span, sufficient contact hours, collective participation, active learning, and coherence).
To estimate the effect of participating in professional development focused on a particular teaching practice within one of the three areas (i.e., technology, higher order instruction, and alternative assessments), we created two new variables: the meanfocus the activity gave to the set of practices within an area and the relative focus the activity gave to each of the specific practices in an area.
Mean focus. To assess the extent to which the professional development activity that a teacher attended focused on multiple, related practices, we calculated the average or mean focus given to the teaching practices we measured. The mean focus for technology use is the average emphasis placed on the four technology practices; mean focus for higher order instruction is the average emphasis placed on the five higher order instructional practices; and for alternative assessments, mean focus is the average emphasis placed on the six alternative assessment strategies. Since each practice is coded 1 if it was given attention as part of the teacher's professional development activity and 0 if it was not, the mean focus for each of the three areas ranges from 0, if no practices within a particular area were covered in the activity, to 0.5 if half of the practices in an area were covered, to 1 if all of the practices in an area were covered. The more practices the activity focused on, the higher the mean focus.
Relative focus. To measure the effects of focusing on one practice rather than another within a professional development activity, we used a measure of relative focus. For example, if an activity focused on two of the four technology practices, including the use of calculators and computers to develop models, the relative focus for the use of calculators and computers to develop models would have a value of 0.5-calculated as the difference between the value of 1 for the use of calculators or computers to develop models and the mean focus of 0.5.
We used mean focus and relative focus to characterize professional development activities because the variables clearly distinguish between the benefits of focusing on one practice rather than another within a professional development activity (captured by the relative focus) and the benefits of professional development activities that focus on many or few practices (captured by the mean focus).20
Statistical Methods
Technically, our data have a two-level structure, with a set of teaching practices in a particular area (e.g., the set of five higher order teaching practices) nested within teachers. In the discussion that follows, we refer to the two levels at which we have data as the "strategy" and the "teacher-activity" levels. We use the term teacheractivity for the teacher level because our data at that level include both teacher characteristics (e.g., subject taught) and characteristics of the quality of the professional development activity the teacher attended in 1997-98 (Year 2).
Given the two-level (strategy-level and teacher-activity-level) structure of the data, we estimated the effects of professional development by using a hierarchical linear model (HLM). (See Figure 1 for the model equations.) HLM separately estimates coefficients for each level of the hierarchical nested system (i.e., professional development and instructional practices nested within teachers). This method reduces aggregation bias inherent in ordinary least squares (OLS) regression models that use variables at different levels in the same equation (Bryk & Raudenbush, 1988) . The model for the effects of professional development on the use of teaching practices in each one of the three areas including the following teacher-activity level and teacherstrategy level variables: Strategy-level variables. For each teaching practice within a particular area, we included two variables in the model: the teacher's 1996-97 (Year 1) use of the practice and the relativefocus given to the practice during the professional development the teacher attended in 1997-98 (Year 2). We also included a set of indicator variables specifying the particular practice. These variables represent the fact that on average, teachers may have increased their use of some practices more than others over the period under study.
Teacher-activity level variables. At the teacher-activity level, we included the following variables in the model: the mean focus given to the set of practices in a particular area during the professional development activity the teacher attended in 1997-98 (Year 2), controls for the teacher's subject (mathematics or science) and grade level (elementary, middle, or high school), and the quality of the professional development (e.g., the time span or degree of collective participation).21
We assumed that two key parameters in the strategy-level model would vary among teachers: the strategy-level intercept, which represents the average use of all of the teaching practices in a particular area, in 1998-99, controlling for their use in 1996-97 and for the teacher's 1997-98 participation in professional development; and the strategy-level slope, which represents the effects of focusing on one particular practice during professional development on classroom use of the practice in 1998-99. Thus, we modeled these two parameters as random effects. We modeled all other parameters as fixed effects. (See Figure 1 for the equations for the strategy level and teacheractivity level equations.) These assumptions reflect the idea that teachers may differ in the degree to which they changed practice over the period from 1996-97 through 1998-99 and in their responsiveness to professional development. One key analysis question concerns the extent to which a teacher's strategy-level slope and intercept are affected by characteristics of the activities in which the teacher participated-in particular, the mean focus on a set of practices in a particular area and the features of the activity.
The effects of focusing on a set of practices in a professional development activity can be examined by comparing the magnitude of the coefficients for mean focus and relative focus. If the coefficient for mean focus is higher than the 
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We conducted separate analyses for each of the three areas under study (use of technology, higher order instruction, and alternative assessments). For each area, we estimated seven models, one including only the mean focus and relative focus and controls, and the others adding each of the six professional development features, one at a time. Given the relatively small overall sample size, we estimated separate models for each feature instead of including all features in a single model. Models two through seven, then, provide a test for the contribution to instructional change of each of the six features given that the described professional de-velopment activity did focus on the same content as measured for degree of emphasis on instruction.
At the teacher level, the sample size for our analyses is about 125.23 Since, for each teacher, we have data on four technology-use practices, the sample size available to estimate the effects of professional development on classroom use is about 4 x 125 = 500. The sample of practices for the analysis of instruction is about 5 x 125 = 625; and the sample for assessment is about 6 x 125 = 750.
Results
Effects of Focused Professional Development on the Use of Specific Teaching Practices in the Classroom
The results of our analysis for technology are presented in Table 1 , for instruction in Table 2 , and for assessment in Table 3. Each table con 
Teacher-Activity Effects
Effects of relative focus on teaching strategies For the teacher-activity level parameters (Level 2), the first coefficient, P20, under "Effects on dpi slope in strategy model (7Cli)," represents the effect of the relative focus on a particular technology practice on the use of the practice in the classroom (i.e., the effect for a typical teacher).24 As Model 1 shows, the estimated coefficient is positive and significant for technology (Table 1 , plo = 0.310**), for higher order instructional practices (Table 2, 3plo = 0.223***) and for assessment practices (Table 3, 
Effects of mean focus on teaching strategies
The coefficient for mean focus, line 2 under Level 2, estimates the effect of focusing on a particular strategy (i.e., relative focus), plus the added effect of focusing on all four strategies. For all three teaching strategies, the effects of the mean focus are significant-on the set of four technology practices (0Po = 0.342**), the set of five higher order instructional strategies (3Po = 0.234*), and the set of six alternative assessments (3Po = 0.494**).
In all three cases, the mean focus is higher than the relative focus. This suggests a "spillover" effect of focusing on a set of similar practices rather than just one specific practice alone. While in the expected direction, the spillover effects are not significant. The main conclusion is that professional development intended to increase a specific instructional practice must focus squarely on that specific practice. Transfer, if present at all, is not strong.
Effects of Previous Use, Subject and School Level on Teaching Strategies
The results showing the effects of previous use, subject and school level on teachers' use of strategies do not bear directly on our main research question, which addresses how professional development effects changes in instructional practice. We briefly review them, here, however, to demonstrate their interpretation and to provide context for the main results.
The first strategy-level parameter shown in Table 1 (72 = 0.462***) indicates that as we would expect, 1996-97 use of each strategy has a positive, significant effect on 1998-99 use.
(text continues on page 98) Tables 2 and 3 show, we also found differences in the 1998-99 use of specific practices in the areas of instruction and assessment. For instruction (Table 2) , teachers tended to have students debate ideas and explain their reasoning more frequently than they had students work on independent long-term projects (713 = -0.269***), work on problems with no obvious solution (n14 = -0.205**), or work on interdisciplinary lessons (n6 = -0.125+), controlling for use of these practices in 1996-97. Differences between use of debate and technical writing skills were not significant (n5 = -0.065). In assessment (Table 3) , teachers tended to place more importance on performance tasks (74 = 0.494***), systematic observation of students (n15 = 0.640***), math-science reports (7t6 = 0.225**), and projects (ni7 = 0.289***) than on portfolios controlling for the use of these practices in 1996-97. Differences between use of portfolios and essay tests were not significant (73 = 0.130).
For the second group of parameters, the first coefficient shown in Table 1 Table 3 shows that the predicted use is 0.488***. The three teacher-activity level coefficients that follow represent the effects of subject taught and school level. Among these coefficients, the only significant effect is for elementary school (P03 = -0.338***). This coefficient indicates that elementary teachers were less likely to use technology practices in 1998-99 than were middleand high-school teachers, controlling for prior use. Table 2 shows that elementary and high school teachers were significantly less likely to use higher order instructional practices than middle school teachers in 1998-99 (03 = -0.225** and 04 = -0.219*, respectively), controlling for their 1996-97 use. Table 3 shows that elementary teachers use alternative assessment practices significantly less than middle school teachers in 1998-99 (P03 = -0.235*), controlling for their 1996-97 use.
Variance Components
The variance components shown near the bottom of Table 1 indicate that there is significant between-teacher variation in the strategy-level intercept and slope (0.076*** and 0.167*), after controlling for the variables in the model.27 This indicates that teachers differ in their use of technology practices in 1998-99, after controlling for the variables in the model; in addition, they differ in their responsiveness to professional development. Other characteristics, beyond those included in the model, may help explain this variation. For instructional practices and assessment, there is significant between-teacher variation in the strategy-level intercept (.062*** and .125***, respectively), but not in the slope.
Summary of Results
Tables 1, 2, and 3 illustrate that in each of the three areas examined in our analysis-technology use, higher order instructional methods, and alternative student assessments-teacher participation in professional development that focuses on a particular teaching practice predicts increased teachers' use of that practice in their classrooms. As described above, these effects are independent of teachers' prior use of these practices, the subjects they teach, and the school level. We did not ask teachers to chose an activity that was helpful in a particular area (e.g., technology use), but rather asked them to identify an activity that was the most helpful in general. Nor did we use data from the same survey to form baseline, independent and dependent variables. Thus, our findings that activities focused on particular practices increase the use of those practices are not tautological. Furthermore, there was variance in the degree of influence among the selected activities, and the characteristics of those activities (e.g., mean or relative focus on technology use) explained that variance.
In addition to expecting effects of practicefocused professional development on teachers' use of a particular practice, we hypothesized that professional development that focuses on other specific practices within the same area of professional development also would increase teachers' use of a specific practice within that area. In other words, we hypothesized a "spillover" in the effects of professional development on classroom uses of specific teaching practices. Our results indicate that the spillover is in the expected direction, but results are not significant. Perhaps studies with a larger number of teachers would yield results with stronger support for the spillover hypothesis. If the spillover hypothesis is correct, however, then it is likely not a strong effect.
Increased Impact of Professional Development Activities with Specific Features of High Quality
Having found that professional development focusing on specific teaching practices had effects on the use of those practices in the classroom, we sought to examine the extent to which features of high quality increased the effectiveness of the professional development. Because our analyses controlled for prior use of the specific teaching practices in 1996-97, and teachers' subject (mathematics or science) and grade level taught (elementary, middle, and secondary), we were able to see the effects of the quality of professional development on teaching practice independent of these other factors.
The Effects of Quality on Relative Focus
In Tables 1, 2 and 3, Models 2-7 differ from Model 1 in that each includes a variable representing a specific feature of quality (e.g., the extent to which active learning opportunities were provided as part of the activities in which teachers participated). Otherwise, the models are identical to Model 1.
To provide an example of how to interpret the effects of a particular quality of professional development on the use of teaching practices in the classroom, we use the effect of active learning opportunities on the use of technology practices (Model 6 from Table 1 As Tables 1, 2 increasing teachers' use of a particular technology strategy (i.e., relative focus), as shown in Table 1 .
Effects of Quality on Mean Focus
Continuing with the illustrative example of active learning, the coefficient for the interaction of active learning and mean focus (Po6 = 0.019, Table 1 ) is positive but not significant. The coefficient represents the extent to which the effect of focusing on a set of technology-use practices as part of a professional development activity is strengthened if the activity incorporates opportunities for active learning.28
There are several significant effects of a feature of quality on the effect of professional development focused on the set of higher order instructional practices (i.e., mean focus). In particular, reform type and active learning opportunities (at p < .10) increase the effect of professional development focused on the set of higher order instructional practices (Table 2) ; and when professional development focused on the set of 100 alternative assessment practices is a reform type or is coherent (atp < .10), this significantly increases teachers' use of assessment practices in the classroom (Table 3) . Table 4 provides an overview of the relationships between teachers' use of specific practices in their classroom practice and professional development that (a) focused on a specific practice (i.e., relative focus) or a set of similar practices (i.e., mean focus) and (b) had features of high-quality professional development. The table shows that for almost all of the analyses, the coefficients for the features are in the positive and hypothesized direction. Relatively few of these effects, however, are statistically significant. This may be due, in part, to the size of our sample, which was relatively small for this type of analysis. However, our findings form a consistent pattern of positive effects of features, and are in the direction of replicating our earlier national cross-sectional analyses, with one surprising exception. None of the results for duration (contact hours and span) showed significant results. In our national probability sample crosssectional study, time span and contact hours both Note. The data in the first row in the first column on the left show that participating in a professional development activity that is a reform-type activity decreases the effect of professional development focused on technology use, but this relationship is not statistically significant. The "*" in the fourth row in the first column on the left shows that participating in a professional development activity that has collective participation increases the effect of professional development focused on use, and this relationship is statistically significant. Gray shading indicates that the effects are statistically significant. 
Power of Quality to Explain Between-Teacher Variance
The variance components near the bottom of Tables 1, 2 and 3 indicate that significant variation remains between teachers in the strategylevel intercept, which indicates that teachers differ in their 1998-99 (Year 3) use of specific teaching practices in technology use, higher order instruction and alternative assessments, after controlling for the variables in the model. Furthermore, Model 6 in Table 1 shows that the variation among teachers in the strategy-level slope is substantially lower than in the baseline model (0.80 compared to .0.167*) and is no longer significant. This suggests that by including active learning opportunities in the model, we have explained a good deal of the variation among teachers in the effectiveness of the professional development they experienced.
Summary of Results
The results suggest a benefit to technologyrelated professional development when there is collective participation of teachers from the same school, department, or grade level. This is consistent with ideas about best practice and the way teachers learn and implement new knowledge, which suggest that teachers benefit from relying on one another in developing technological skills. Our findings are also consistent with the idea that professional development characterized by "active learning," where teachers are not passive "recipients" of information, also boosts the impact of professional development activities, as illustrated by results from Tables 1 and 2 . These findings are consistent with research and reformers that suggest that teachers must engage in active learning such as interacting with their colleagues on a regular basis to discuss their work and their students' learning, in order to develop a deeper understanding of how children think and learn. It is also necessary to implement conceptual, higher order instruction and alternative "authentic" assessments (Little, 1993; LoucksHorsley et al., 1998). Finally, the results in Tables 2 and 3 suggest a substantial benefit when teachers participate in reform types of professional development that focus on a set of higher order instructional or alternative assessment methods. While either traditional or reform activities can provide constructive interaction, reform activities tend to have a longer duration, which allows them to offer more active learning opportunities for teachers (Garet et al., 2002) . Darling-Hammond (1997b) also argues that these reform types of activities may be more responsive to teachers' needs and goals. No effects for duration were found.
Conclusions and Discussion: Effects of Professional Development on Teaching Practice
Results from our longitudinal study replicate and extend cross-sectional, national findings by providing evidence of the link between focusing on specific teaching practices in professional development (content focus) and having teachers use those specific practices in the classroom. The results were also in the right direction to support our spillover hypothesis but were not statistically reliable. Specifically, in our longitudinal study, we found that professional development focused on specific teaching practices increased teachers' use of those practices in the classroom.
From prior research, we concluded that, in addition to content focus, five key features of professional development are effective in improving teaching practice: three structural features (characteristics of the structure of the activity)-reform type, duration, and collective participation-and two core features (characteristics of the substance of the activity)-active learning and coherence (see Birman ; Kennedy, 1998). The findings reported here provide partial support for the importance of four of the additional five features of professional development identified in the national study. Our longitudinal data indicate that professional development is more effective in changing teachers' classroom practice when it has collective participation of teachers from the same school, department, or grade; and active learning opportunities, such as reviewing student work or obtaining feedback on teaching; and coherence, for example, linking to other ac-tivities or building on teachers' previous knowledge. Reform type professional development also had a positive effect. Surprisingly there were no effects for duration.
The basic design of our longitudinal study investigates the effects of Year 2 professional development features on Year 3 instructional practices, controlling for Year 1 instructional practices. Obviously, we are interested in identifying features of professional development that, if put in place, lead to desired changes in instructional practice. Hopefully, those changes in instructional practice in turn lead to improved student achievement, though we offer no new evidence of such effects.
Strengths and Weaknesses of Our Design
There are a number of strengths to our approach. First, we control for instructional practices prior to the professional development experiences. When we find that teachers who participate in professional development that focuses upon use of technology have relatively high uses of technology in Year 3, that finding is not explained by those teachers having been high users of technology prior to participation in the professional development. Second, our measures of professional development precede in time our measures of our dependent variables. In short, the professional development measures and Year 3 instructional practices measures are not overlapping in the time period described. Third, our findings are not due to such alternative explanations as changes in the courses teachers taught, nor are they likely due to changes in the students taught, since our design only included teachers teaching in the same school and teaching the same grade level or course. There could be a cohort effect of students, but the changes in student composition would have to be correlated with the features of professional development under investigation, which seems unlikely. Features of professional development were defined and described for the previous year, when the teacher was not working with the students that they were working with when we measured our dependent variables. Fourth, our baseline-control variables, professional-development independent variables, and instructional-practices dependent variables are each measured through a different survey, at a different point in time. There are no spurious correlations among these three sets of variables due to having been collected in the same instrument. All of these strengths were absent from our earlier cross-sectional analyses on our national probability sample. To the extent that our findings from the earlier study are replicated in this longitudinal study, they are all the more convincing.
There are several weaknesses to our design strategy, as well. One concerns sample size. Given the number of variables and complexity of our models, it would have been better to have at least twice as many teachers. This sample size problem had two implications. First, while we did replicate many of the findings from our earlier cross-sectional study, we did not replicate all of them. In general, however, the effects were in the hypothesized directions. This could be a problem of low statistical power due to small sample size. Second, it would have been preferable to put all six of the a priori identified dimensions of professional development in the same model. This would control for their potentially positive intercorrelations, and at the same time would allow us to look at how the dimensions work in combination. Instead, we had to fit a separate model for each of the characteristics of professional development, due to insufficient sample size to support the more inclusive model.
Another weakness of our design strategy was that, due to response burden considerations, teachers were asked to describe only a single professional development activity. We asked them to select the one that had been most influentialnot in any specific way, but generally. Obviously, most teachers participate in more than one professional development activity during a single year. We would have greatly preferred to have a comprehensive and complete description of each respondent's entire professional development experiences as they relate to mathematics and science. Describing one professional development activity out of, say, three or four, is analogous to having only a few items on a student achievement test. Undoubtedly, the result is low reliability of our measures of experiences with professional development. In short, when a teacher reports that they participated in professional development that focused on uses of technology, the estimate of participation that we extract from the response may under-or overrepresent the teachers' actual participation in such professional development. If they participated in other professional development activities that also focused on technology, then ours is an underestimate. If they participated in other professional development activities, none of which focused on the use of technology, then ours is an underestimate.
Our small sample size, our inability to put all of our independent variables into one model, and our less than complete measure of each teacher's professional development experiences all lead toward our not finding the effects of professional development on instructional practices that we sought to find. Still, our results that content focus of professional development affects instructional practices tied to the content focus were clear and strong. And for the other five a priori identified hypotheses about dimensions of quality professional development, four were supported at least to some extent.
Nevertheless, our design is not an intervention study, where a well-established and implemented approach to professional development is given to one random half of teachers, while the other random half of teachers does not experience the intervention. Our study is based on natural variation, and so suffers the possible third-variable problem (actually, seventh-variable, in this case). For example, we do not have a good measure of the extent to which the professional development activity described focused on knowledge of how students learn particular mathematics or science content. Yet we know from the literature that professional development that has a focus on how students learn specific content can be effective in changing teachers' instructional practices, which in turn can be effective in promoting gains in student achievement (Fennema et al., 1996) . What if knowledge of student learning is a feature of professional development that also emphasizes active learning of participants? It could be that when we find effects of active learning, really what we're finding is effects of a seventh and unknown variable. We are certain that the six features that we investigated are not the only six important features of professional development; but we are not certain of all of the other important features of effective professional development, nor are we certain of their likely positive covariation with the six features investigated. This seventh variable problem adds some tentativeness to our conclusions.
Admittedly, our longitudinal design and requirement of complete data did result in studying only approximately 207 teachers out of an origi-nal sample of over 500. But such selectivity does not produce confounding; rather selectivity is a potential threat to external validity. When we looked at the characteristics of our longitudinal sample, they paralleled the characteristics of our national probability sample on such factors as sex, race, and years of experience. So, even threats to external validity may not be as severe as one might otherwise imagine.
Strengths and Weaknesses of Our Measures
There are several additional aspects of our design, which should be kept in mind as one interprets our results. Our data are based on self-report surveys. While observations have been put to good effect in studying some aspects of pedagogy, this has only worked well when the practices studies have been so typical as to occur during virtually every instructional period. Some pedagogical practices are not sufficiently stable to be well studied using such methods, even with a robust sampling approach (Shavelson & Ster, 1981) . Since most of the instructional practices we investigated change from week to week, if not day-today, a sampling approach was inadequate for our purposes. We took a number of steps to maximize the validity and reliability of the survey data. For example, although the teacher survey is based on self-reports, most of the data represent an accounting of behaviors, not direct judgments of quality that might be more likely biased in a positive direction (Mullens & Gayler, 1999; Mullens, 1998 ). In addition, the substantial variation in the responses that teachers in both our national and longitudinal sample provided to these behavioral items, as well as the consistency in district and teacher responses in the national data provides support for the validity of the data. Furthermore, research has shown that composite indi-104 cators have higher validity and reliability than single indicators (Mayer, 1999) , and most all of our measures are composites. Finally, our analyses did find hypothesized relationships, even though the data were collected at different times across three years. This argues for reliability, if not validity.
Our dependent variables are changes in teaching practice. While it would be useful to have student achievement gains as the dependent variable, that was not feasible for both cost and logistical reasons. Instead, we chose our dependent variables to represent the factors that the literature showed were related to student achievement (e.g., Cohen & Hill, 2000 .
Several of our key features of professional development are complex, multifaceted variables. Active learning is an excellent case in point, including such disparate experiences as opportunities for being observed, planning for classroom implementation, reviewing student work; presenting, reading and writing. Our scale for active learning had an internal consistency reliability coefficient of approximately .8, suggesting that the features in the scale are highly positively intercorrelated. Nevertheless, they are not interchangeable. Our conclusions are about active learning in the aggregate. It would be good to look within active learning to see if some features are more influential than others.
In addition, we lacked a measure of the quality of implementation of each of our key features of professional development. For example, the features of active learning reported by teachers could have been better or less well implemented in the professional development activities that respondents experienced. Also, our measures do not provide concrete benchmarks for teacher change. For example, we consider a teacher increasing her use of a particular method from "almost never" in Year 1 to "some lessons" in Year 2 as a meaningful increase. While it is arguable how much we would expect (or want) teachers to change their practices in any specific way from one year to the next, we consider an increase above .25 on our 4-point Likert scales as meaningful. This seems consistent with findings that indicate that even with the most intensive, high-quality professional development that fosters "fast" change, teacher change occurs at a slow pace, diluted by the persistence of traditional practices (Cohen & Hill, 2001 ). Still, the literature on teacher change does not provide benchmarks useful for setting stan-dards for the extent of change we should expect, and our change measures share this limitation.
Generally, our survey approach, by allowing us to consider only a priori identified variables, and only those variables in the ways that they were measured, limits our understanding of how the variables actually influence instruction (when they do). Explaining how the effects that we have found actually work would require a closer, more finely tuned look at teachers as they experience professional development and take learning from those experiences into their classroom to work with students.
Implications
Our findings on the effects of professional development should be considered in the context of the nature and quality of teachers' experiences in professional development. Our results suggest that change in teaching would occur if teachers experienced consistent, high-quality professional development. But we find that most teachers do not experience such activities. On average, the activities experienced by teachers in our longitudinal study are about the same quality as those experienced by our earlier national sample of teachers (Porter et al., 2000). As we described earlier, nationwide, the typical professional development experience is not high quality. Nevertheless, our national data also document great variation in the quality of teachers' professional development experiences, which indicates that at least some teachers participate in high-quality activities, at least some of the time.
Districts and schools often must choose between serving larger numbers of teachers with less focused and sustained professional development or providing higher quality activities for fewer teachers. As we noted in Garet et al. (2001) , good professional development requires substantial resources. Reallocating resources and combining funding sources can be effective in increasing funds for professional development, and can help form a coherent professional development strategy (Elmore & Burney, 1996 Guskey, 1997) . However, in the absence of increased resources, the federal government, states, districts, and schools still have to make difficult choices whether to sponsor shorter, less in-depth professional development that serves a large number of teachers or to support more effective, focused, and sustained professional development for a smaller number of teachers. The results of this study support the idea that districts and schools might have to focus professional development on fewer teachers in order to provide the type of highquality activities that are effective in changing teaching practice.
The longitudinal study reported here indicates that much of the variation in professional development and teaching practice is between individual teachers within schools, rather than between schools.29 This finding provides evidence that schools generally do not have a coherent, coordinated approach to professional development and instruction, at least not an approach that is effective in building consistency among their teachers. Participation in professional development is largely an individual teacher's decision; teachers often select the professional development in which they will participate from a number of options available from a highly disparate set of providers (Sykes, 1996 ). An increased emphasis on the importance of strategic, systematic planning for professional development may encourage both districts and schools to focus efforts on high-quality professional development.
The provision of high-quality programs of professional development by schools and districts may not completely solve the problem of the variation in the quality of professional development, since participation in professional development remains primarily the decision of individual teachers. Nevertheless, districts and schools could go a long way in developing high-quality professional development activities. To develop meaningful professional development plans, districts and schools would have to (a) overcome challenges to focusing on and setting priorities for professional development activities over time, given limited resources; (b) acquire knowledge about the features of effective professional development; and (c) build the infrastructure to design and implement the types of activities that teachers need to improve student learning. Funding, guidelines and technical assistance from federal, state, and local sources could play an important role in helping districts and schools overcome these challenges and develop high-quality professional development experiences. velopment that focused on each of the following: using calculators or computers to develop models, using calculators or computers for data collection and analysis, and using computers to access the Internet. Thirteen percent of teachers experienced professional development focused on using computers to write reports. In terms of teaching practice, Table A2 shows that in both 1996-97 and 1998-99, teachers used technology strategies infrequently. On average, teachers reported that the frequency of their use of these practices was between "almost never" and "some lessons." In 1996-97, teachers' mean use of technology practices was between .35 and .57, depending on the strategy, where 0 = almost never, 1 = some lessons, 2 = most lessons, and 3 = every lesson. For 1998-99, the mean use was somewhat higher-between .42 and .65. There is considerable variation on these measures, however, standard deviations range from .59 to .73. This indicates that many teachers almost never use these technology practices, while some teachers use these practices in "most lessons."
Appendix
In 1997-98, between about one third and two fifths of teachers participated in professional development that focused on a higher order instructional method intended to foster improved 106 student learning, depending on the type of instructional method (e.g., 32% of teachers participated in professional development that focused on working on independent, long-term projects, and 44% of teachers participated in professional development that focused on debating ideas). This did not change much in 1998-99. These results are shown in Table Al. On average, teachers reported using these instructional methods in "some lessons," which is indicated by a response of 1 on our response scale. The mean use of instructional methods in teaching practice was between .78 and 1.48 in 1996-97, depending on the method, and between .82 and 1.38 in 1998-99. There is little change in these measures from one year to the next. The standard deviations range from .61 to .79, however, indicating that there is moderate variation in teachers' use of these methods. This means that many teachers "almost never" use these instructional methods, while some others use them in "most lessons." Table A2 displays these means and standard deviations.
As Table Al shows, the percentage of teachers in professional development with a focus on using alternative student assessments varies considerably, from 10% to 58%, depending on the c How important were the following assessment strategies in determining students' grades in this math-science class? type of student assessment (e.g., 10% of teachers participate in professional development that focused on using essay tests, and 58% are in professional development that focused on performance tasks). Participation rates generally remain constant from 1997-98 to 1998-99. Table A2 shows that on average, teachers report placing "minor importance" on using some approaches to assessing the performance of their students, while they place greater emphasis on other assessment methods. The mean response category of about 1 for essay tests (1.06), math-science reports (1.05), and portfolios (1.02) indicate that on average teachers relegate minor importance to these methods. Teachers appear to place greater emphasis on other approaches to assessing student performance. The mean response category of about 2 for teachers' use of performance tasks (2.04) and systematic observations of students (1.98) indicates that they place "moderate importance" on these methods. The changes in the uses of assessment approaches across the two years when we collected data are not statistically significant. The use of all these approaches to student assessments varies considerably; standard deviations range from 0.86 to 1.07. This indicates that for almost any method for assessing student performance, many teachers place only "minor importance" on the method, while many other teachers view the method as "very important." Table A3 provides the internal consistency scores (i.e., Cronbach's alpha) for the instruction scales that we used in the analyses. 6 Our confidence in the results from our national data is strong, given that the data are from a national probability sample. And although the data are based on teacher self-reports, we have confidence in the validity of the data because we did not ask teachers to judge the characteristics of the activities that influenced their effectiveness; instead we asked teachers to describe the characteristics of the activities they experienced, and we asked them whether the activities had an effect on their knowledge, skills, and classroom practice. Then, through OLS regression, we identified characteristics that were associated with the effectiveness of the activities. Because teachers were not asked to judge the quality of the professional development in which they participated, the study minimizes self-report bias (e.g., Mullens & Gayler, 1999; Mullens, 1998) . In addition, the substantial variation in the responses that teachers and district administrators provided to these behavioral items, as well as the consistency in teacher and district administrator responses, provides support for the validity of the data.
Notes
7 We used poverty data from the Common Core of Data (CCD). 8 As part of our site visits to the 30 case study schools, we conducted one-time classroom observations of two teachers in each school-usually one mathematics teacher and one science teacher. In conjunction with the observations, we conducted a brief preobservation interview and a somewhat longer postobservation interview with each of the 60 teachers we individual teachers vary around this average. The variance components shown at the bottom of Table 3 indicate the extent of this variation. 25 The asterisks and "+" sign indicate the following: +p < .10, *p < .05, **p < .01, ***p < .001. 26 The expected use of 0.384 pertains to the use of computers to access the Internet, by a science teacher at the middle school level. To determine the expected use of other practices, the specific strategy coefficients must be added (e.g., 0.179 for computers to write reports). To determine the expected use for a mathematics teacher or a teacher at the elementary or high school level, the appropriate coefficients must be added. 27 The other two variance components shown in the table include the covariation between the intercept and slope and the residual variance. The first of these indicates the extent to which teachers who have unusually high intercepts also have unusually high slopes; the second indicates the remaining variance in the use of each technology strategy in 1998-99, after all other measured variables and variance components are taken into account.
28 The coefficients for the main effects of quality on teaching practice are generally nonsignificant, except for the effects of reform type on instruction (P05 = -0.351) and assessment (305 = -0.411). But their corresponding interactions (i.e., reform type x mean focus) are larger, positive and significant (506 = 0.872 for instruction and P06 = 0.932 for assessment). In a model where the interaction effects are significant, main effects should not be interpreted (e.g., Tabachnick & Fidell, 1989), so in our discussion and interpretation, we focus on the interaction effects. 29Although the analyses are not reported here, our longitudinal data indicate that the quality of professional development experiences varies considerably not only across teachers at a single point in time but also over time for the same teachers. Specifically, we find a substantial amount of year-to-year variation in the quality of the professional development of individual teachers. For example, 79% of the variation in the span and 62% of the variation in the content focus of a teacher's professional development experience are due to year-to-year variation. This finding indicates that the average teacher's professional development experiences (in our longitudinal sample) do not add up to a long-term, coherent, high-quality program-the type of program that has the most potential for fostering significant and lasting teacher change. In addition, we find some variation in participation in professional development between schools (e.g., 14% of the variation in collective participation and seven percent of the variation in active learning is due to between-school variation), but most of the variation in the quality of the professional development in which teachers participate lies within, not between, schools.
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This finding supports the idea that professional development continues to be an individual teacher experience. Both our national and our longitudinal data indicate that professional development is more effective when teachers participate with others from their school, grade, or department. Thus, the variation in teachers' professional development experiences within the same school helps explain why professional development is not as effective as it could be. For more details on the variation in teachers' professional development experiences in our longitudinal sample, see Porter et al., 2000.
